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1
$v,$ $k,$ $\lambda,$ $t$ $v\geq k\geq t>0$ . $V$ $v$ ,
$V$ $k$- $(_{k}^{V})$ . $V$ $k$-
$\mathcal{B}$ ( ) (V, $\mathcal{B}$) $t-(v, k, \lambda)$ ,
:
$|\{B\in \mathcal{B}|T\subseteq B\}|=\lambda,$ $\forall T\in(\begin{array}{l}Vt\end{array})$ .
$\lambda=1$ t- .
$k=4,$ $t=3$ (Quadruple System) ,
$QS(v, \lambda)$ . $QS(v, 1)$ SQS(v)
.
$G$ t- $G$ , $G$ $V$





. , $V$ $v$ , $\mathcal{I}=((tV), (_{k}^{V}))$
. $(_{t}^{V}),$ $(_{k}^{V})$ $\mathcal{I}$
. $\mathcal{I}$ (Spread)
.
, $V$ $\mathcal{I}$ ,
$t$
. $\mathcal{I}$
. , $\mathcal{I}=(\mathcal{P}, \mathcal{B})$ , $G$ $\mathcal{I}$ .
$\mathcal{P}/G,$ $\mathcal{B}/G$ $\mathcal{P},$ $\mathcal{B}$ $G$- , $\mathcal{I}$ $G$
$\mathcal{I}/G=(\mathcal{P}/G, \mathcal{B}/G)$ . $Orb_{G}(\alpha)\in \mathcal{P}/G,$ $Orb_{G}(B)\in \mathcal{B}/G$
$Orb_{G}(\alpha)$ $Orb_{G}(B)$ , $B’\in Orb_{G}(B)$
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$\alpha$ $B’$ . $\mathcal{I}$ (Spread)
, $\mathcal{B}$ $S$ $\alpha\in \mathcal{P}$ $S$ 1
. $\mathcal{I}$ (Partial Spread) , $\mathcal{B}$
$S$ $\alpha\in \mathcal{P}$ $S$ 1 .
.
1.1. $\mathcal{I}=(\mathcal{P}, \mathcal{B})$ , $G$ $\mathcal{I}$ . $\mathcal{D}$ G-
, $\mathcal{D}/G$ $G$ . $\mathcal{D}$
$(\alpha, B)$ $B$ $\alpha$ $Orb_{G}(B)$ ,
.
$G$- 1 .
1.2. $/18J$. $B\in(_{k}^{G})$ . $G$ $V$ $t$ , $G_{B}$ $B$





(Diffference family) . Wilson




$QS(v, \lambda)$ ( $A$- QS ) .
2
$A$ $v\equiv 2(mod 4)$ . $h$ $A$ 2 . $A$
, $a^{\sigma}=-a$ $A$ $\sigma$
$\langle\sigma\rangle$ $A$ $\hat{A}=A\rtimes\langle\sigma\rangle$ . $B\in(_{4}^{A})$
, $Orb_{\hat{A}}(B)=Orb_{A}(B)$ .
, 4-
$\mathcal{B}_{0}=\{Orb_{\hat{A}}(\{0, a, b, a+b\})|a, b\in A\backslash \{0\}, a\neq\pm b\}$ ,
$\mathcal{B}_{1}=\{Orb_{\hat{A}}(\{0, h, a, -a\})|a\in A\backslash \{0, h\}\}$
. .
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[8, 9, 10]. $[8, 10]$
. [8] ) $v\equiv 2(mod 4)$ , $v$
$QS(v, 3)$ [8]. ,
$D_{v}$- $(_{4}^{\mathbb{Z}_{v}})$ . $A\simeq \mathbb{Z}_{v}$
, 2.1 K\"ohler
.
2.1 $((3A)/\hat{A}, \mathcal{B}_{0}U\mathcal{B}_{1})$ .
. [12] .
2.2. $(_{3}^{A})/\hat{A}$ $\mathcal{T}_{1},$ $\mathcal{T}_{2},$ $\mathcal{T}_{3}$ :
$\mathcal{T}_{1}=\{Orb_{\hat{A}}(\{0, a, -a\})|a\in A, 2a\neq 0\}$ ,
$\mathcal{T}_{2}=\{Orb_{\hat{A}}(\{0, a, h\})|a\in A, a\neq 0, h\}$ ,
$\mathcal{T}_{3}=((\begin{array}{l}A3\end{array})/\hat{A})\backslash (\mathcal{T}_{1}\cup \mathcal{T}_{2})$
$=\{Orb_{\hat{A}}(\{0, a, b\})|a\neq\pm b, 2a\not\in\{0, b, 2b\}, 2b\not\in\{0, a, 2a\}\}$.
2.3. $v\equiv 2(mod 4)$ :
$\mathcal{B}_{0}’’=\{Orb_{\hat{A}}(\{0, a, h, a+h\})|a\in A, 2a\neq 0\}$ ,
$\mathcal{B}_{0}’’’=\{Orb_{\hat{A}}(\{0, a, h, -a+h\})|a\in A, 2a\neq 0\}$ ,
$\mathcal{B}_{0}^{\prime\prime\prime\prime}=\{Orb_{\hat{A}}(\{0, a, 2a, 3a\})|a\in A, 2a\neq 0,3a\neq 0\}$ ,
$\mathcal{B}_{0}’=\mathcal{B}_{0}\backslash (\mathcal{B}_{0}’’\cup \mathcal{B}_{0}’’’\cup \mathcal{B}_{0}^{\prime\prime\prime\prime})$ .
, $B=\{0, a, b, a+b\}\in(_{4}^{A})$ ,
$Orb_{\hat{A}}(B)\in \mathcal{B}_{0}’’\Leftrightarrow 2a=0$ or $2b=0$ , (1)
$Orb_{\hat{A}}(B)\in \mathcal{B}_{0}’’’\Leftrightarrow 2a=\pm 2b$, (2)
$Orb_{\hat{A}}(\dot{B})\in \mathcal{B}_{0}^{\prime\prime\prime\prime}\Leftrightarrow a=\pm 2b$ or $b=\pm 2a$ , (3)
$Orb_{\hat{A}}(B)\in \mathcal{B}_{0}’\Leftrightarrow 0\not\in\{2a, 2b\}$ and $\{a, 2a\}\cap\{\pm b, \pm 2b\}=\emptyset$ . (4)
$v\not\equiv O(mod 3)$ , $\mathcal{B}_{0}’,$ $\mathcal{B}_{0}’’,$ $\mathcal{B}_{0}^{\prime/J},$ $\mathcal{B}_{0}^{\prime\prime\prime\prime}$ $\mathcal{B}$ .
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2.4. $v\equiv 2,10(mod 12)$ . $Orb_{\hat{A}}(B)\in \mathcal{B}_{0}’\cup \mathcal{B}_{0’}’\cup \mathcal{B}_{0}’’’\cup \mathcal{B}_{1},T\in$
$(_{3}^{A}),$ $T\subset B$ . $B$ $T$ $Orb_{\hat{A}}(B)$ 1 )
:
(i) $Orb_{\hat{A}}(T)\in \mathcal{T}_{1}$ ) Orb$\hat{A}(B)\in \mathcal{B}_{1}$ .
(ii) $Orb_{\hat{A}}(T)\in$ , $Orb_{\hat{A}}(B)\in \mathcal{B}_{0}’’\cup \mathcal{B}_{0}’’’\cup \mathcal{B}_{1}$ ,
(iii) $Orb_{\hat{A}}(T)\in \mathcal{T}_{3}$ , $Orb_{A}(B)\in \mathcal{B}_{0}’\cup \mathcal{B}_{0}’’’$ .
,
$\{0, a, 2a\}\subset\{0, a, 2a, 3a\}\cap(\{0, a, 2a, 3a\}-a)$
, $\mathcal{B}_{0}^{\prime\prime\prime\prime}$ $A$- SQS
. $\mathcal{B}_{0}^{\prime\prime\prime\prime}$
$\mathcal{D}=$ ( $(\begin{array}{l}A3\end{array}),$ $\{B\in(\begin{array}{l}A4\end{array})|$ Orb$\hat{A}(B)\in \mathcal{B}_{0}’\cup \mathcal{B}_{0}’’\cup \mathcal{B}_{0}’’’\cup \mathcal{B}_{1}\}$), (5)
$\mathcal{D}/\hat{A}$ .
2.5. $v\equiv 2(mod 4)$ . (i) $v\equiv 2,10(mod 12)$ $\mathcal{B}_{1}$
$D/\hat{A}$ TT\cup T- . (ii) $\mathcal{D}/\hat{A}$ $S$
, $\mathcal{B}_{1}\subset S$ $v\equiv 2,10(mod 12)$ .
. (i) $\mathcal{T}_{1}$ $\mathcal{T}_{2}$ $Orb_{\hat{A}}(T)$ , $\mathcal{B}_{1}$ 1
. 2.4 , $Orb_{\hat{A}}(T)$ 1 $\mathcal{B}_{1}$
, 1 $\mathcal{B}_{1}$ . (ii) $B\in(_{4}^{A})$ $\{0, a, -a\}\subset$
$B,$ $a\neq 0,$ $h$ . $\{0, a, -a\}\subset B^{\sigma}$ , $B\backslash \{0, a, -a\}=\{b\}$
, $b=h$ . , $Orb_{\hat{A}}(B)\in \mathcal{B}_{1}$ . 3 a , $c_{\{0,a,-a\}}\simeq D_{3}$
. $G_{B}\simeq \mathbb{Z}_{2}$ , $S$ .
1.1 24 , $\mathcal{D}/\wedge\hat{4}$ $\mathcal{D}$
. $\mathcal{B}_{0}’’,$ $\mathcal{B}_{0}’’’$ , $A$- SQS






$A$ $v\not\equiv O(mod 4)$ . $A$
$\mathcal{G}=(\mathcal{T}, \mathcal{E})$ , ,
$\mathcal{T}=\{Orb_{\hat{A}}(\{0, a, b\})|a\neq\pm b, 2a\not\in\{0, b, 2b\}, 2b\not\in\{0, a, 2a\}\}$ ,
$\mathcal{E}=\{Orb_{\hat{A}}(\{0, a, b, a+b\})|a,$ $b\in A,$ $a\neq\pm b,$ $2a\not\in\{0, \pm b, \pm 2b\}$ ,
$2b\not\in.\{0, \pm a, \pm 2a\}\}$ ,
, $B’\in Orb_{\hat{A}}(B)$ $T\subset B’$ , $Orb_{\hat{A}}(T)\in \mathcal{T}$
$Orb_{\hat{A}}(B)\in \mathcal{E}$ .
. [12] .
3.1. [$12J$ . $A$ $v\not\equiv O(mod 4)$ . $A$
$a,$ $b$ J
(i) $Orb_{\hat{A}}(\{0, a, b\})=Orb_{\hat{A}}(\{0, a, a-b\})$ .
(ii) $Orb_{\hat{A}}(\{0, a, a-b\})=Orb_{\hat{A}}(\{0, a, a+b\})\Leftrightarrow 2a=0$ or $2b=0$;
(iii) $Orb_{\hat{A}}(\{0, a, a-b\})=Orb_{\hat{A}}.(\{0, a, b-a\})\Leftrightarrow 2a=0$ or $2(a-b)=0$;
(iv) $Orb_{\hat{A}}(\{0, a, a+b\})=Orb_{\hat{A}}(\{0, a, b-a\})\Leftrightarrow 2a=0$, or $a=2b$, or
$b=3a$ and $5a=0_{:}$ or $b=2a$ and $3a=0$ .
3.2. $/12J$. $Orb_{\hat{A}}(B)\in \mathcal{E}$ .
1{ $Orb_{\hat{A}}(T)\in \mathcal{T}|Orb_{A}(T)$ is incident with Orb$\hat{A}(B)$ } $|=2$ .
.
$k(B):=|$ { $Orb_{\hat{A}}(T)|T\in(\begin{array}{l}B3\end{array})$ , Orb$\hat{A}(T)\in \mathcal{T}$} $|$
. $B=\{0, a, b, a+b\}$ .
$\{0, a, b\}=-\{a, b, a+b\}+(a+b),$ $\{0, a, a+b\}=-\{0, b, a+b\}+(a+b)$
$Orb_{\hat{4}}(\{0, a, b\})=Orb_{\hat{A}}(\{a, b, a+b\}),$ $Orb_{\hat{A}}(\{0, a, a+b\})=$ Orb$\hat{A}(\{0, b, a+b\})$ .
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, $k(B)\leq 2$ . $k(B)=1$ , $\{0, a, b\}\in Orb_{\hat{A}}(\{0, a, a+b\})$
. $3.1(i)$ $Orb_{\hat{A}}(\{0, a, b\})=Orb_{\hat{A}}(\{0, a, a-b\})$ .
$3.1(ii)$ , $k(B)=1$ , $2a=0$ $2b=0$ .
$Orb_{\hat{A}}(B)\in \mathcal{E}$ , .
3.3. /12]. $\vee A$ $v\equiv 2,10(mod 12)$ . $A$
, $A$ - $SQS(v)$ .
. $\mathcal{D}/\hat{A}$ $\mathcal{T}=\mathcal{T}_{3}$
. 25 , $\mathcal{D}/\hat{A}$ $\mathcal{T}_{1}\cup \mathcal{T}_{2}$ $\mathcal{B}_{1}$
. 1.1 , $\mathcal{D}$ .
1 .
3.4. /12]. $A$ $v\equiv 2,10(mod 12)$ . $X=$
$Orb_{\hat{A}}(\{0, a, b\})\in \mathcal{T}$ . , $\langle a, b\rangle$ , $X$ $\mathcal{G}$
3- , .
, SQS , $A$
. $A\simeq \mathbb{Z}_{v}$ ,
$v$ [10].
. [10, 13, 14]
. [7] K\"ohler
t- , .
, 2 $\cdot 5^{n}$
([15]) , 2 $\cdot 5^{n}$ $A$
$A$- $SQS($2 . $5^{n})$ . ,
SQS [12]. , 33
$A$- SQS(v) 4- , [11]
, $A$- $QS(v, 2)$ . , 33 ,
$\hat{A}$
$\infty$ , $V=A\cup\{\infty\}$ SQS
. $QS(v, \lambda)$
[1, 2, 4, 3, 5, 8, 14, 16, 18] .
. Kleemann $V=\mathbb{Z}_{v}$ $\downarrow$
, $v\equiv 0(mod 4)$ $v$ $QS(v, 3)$
[6]. , $\{0, v/4, v/2,3v/4\}$ $\mathbb{Z}_{v}$-
3 , .
$v\equiv 0(mod 4)$ $A$- $QS(v, 3)$
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